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(54) HOT FORGED PRODUCT MADE OF HIGH STRENGTH MAGNESIUM ALLOY AND ITS 
PRODUCTION 

(57)Abstract: . u- u 

PROBLEM TO BE SOLVED: To provide parts made of Mg alloy, excellent in strength at high 
temp, as well as in strength at room temp, and suitable for use as automobile engine parts 
requiring the reliability of strength at room temp, as well as at high temp., and its production. 
SOLUTION: The hot forged product made of Mg alloy has a composition consisting of. by 
weight, (a) 4-15% of Gd or Dy. (b) 0.8-5% of at least one element selected from the group 
consisting of Ca, Y, and lanthanoide series [excluding components (a)], and the balance Mg and 
further containing, if necessary, • 2% of Zr and/or Mn and also has excellent strength at high 
temp, as well as at room temp. This hot forged product made of Mg alloy can by produced by ^ 
subjecting a forging material made of the Mg alloy to homogenizing heat treatment at 430-570 
C for 2-7hr and then to hot forging while regulating the temp, of the forging material to 380- 
570" C and also regulating the temp, of a die. preferably, to a temp, lower than the temp, of the 
forging material, at 250-400** 0. 
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* NOTICES * 

Japan Pat nt Office is not responsibl for any 
damages caused by th us of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.:)e9|c9ic:|e shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) a gadolinium — or — a dysprosium — four 15 — %of the weight — and 

( — b — ) — calcium — an yttrium — and — a lanthanoids — [ — ( — a — ) — a component — 
removing — ] — **** — becoming — a group — — choosing — having had — at least — 

one — a sort — an element — 0.8 five — % of the weight — containing — the 

remainder — magnesium — being unescapable — an impurity — **** — becoming — a 

[Claim 2] (a) a gadolinium — or — a dysprosium — four 15 — %of the weight — ( — b - 

-) — calcium — an yttrium — and — a lanthanoids — [ — ( — a — ) — a component — 
removing — ] — **** — becoming — a group — **** — choosing — having had — at least — 

one — a sort — an element — 0.8 five — % of the weight — and — ( — c — ) — a 

zirconium — and — manganese — ^mc** — becoming — a 

[Claim 3] The hot-forging article made from a Magnesium alloy with which the mechanical 

strength of the hot-forging article made from a Magnesium alloy according to claim 1 or 2 is 

characterized by being 230 or more MPas in 250 degrees C from a room temperature. 

[Claim 4] The hot-forging article made from a Magnesium alloy characterized by the hot--forging 

articles made from a Magnesium alloy according to claim 1. 2, or 3 being autoparts. 

[Claim 5] The hot-forging article made from a Magnesium alloy characterized by autoparts 

according to claim 4 being the pistons for engines. 

[Claim 6] The manufacturing method of the hot-forging article made from a Magnesium alloy 
according to claim 1 or 2 characterized by carrying out homogenization heat treatment of the 
charge of forging material which consists of a Magnesium alloy according to claim 1 or 2 at 430- 
570 degrees C for 2 to 7 hours, and carrying out hot forging, using temperature of this charge of 
forging material as 380-570 degrees C. 

[Claim 7] The manufacturing method of the hot-forging article made from a Magnesium alloy 
according to claim 1 or 2 characterized by carrying out homogenization heat treatment of the 
charge of forging material which consists of a Magnesium alloy according to claim 1 or 2 at 430- 
570 degrees C for 2 to 7 hours, making temperature of this charge of forging material into 380- 
570 degrees C. being lower than the temperature of this charge of forging material, and carrying 
out hot forging of the die temperature in 250-400 degrees C. 

[Claim 8] The manufacturing method of the hot-forging article made from a Magnesium alloy 
according to claim 1 or 2 characterized by carrying out age-hardening heat treatment of the 
hot-forging article which carried out hot forging and was obtained by technique according to 
claim 6 or 7 at 180-290 degrees C for 2 to 400 hours. 



[Translation done.] 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl.jpa. 2002/04/02 



1/4 ^ 



* NOTICES * 

Japan Pat nt Office is not r sponsible for any 
damag s caus d by th us of this trans I at i n. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.9M»ie:)c shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the hot-forging article 
and its manufacturing method of the product made from a Magnesium alloy which has intensity 
sufficient also at the elevated temperature to 200 degrees C or about 250 degrees C currently 
demanded in lightweight-izing of the parts of the circumference of the piston of the engine for 
automobiles etc. in detail about the hot-forging article and its manufacturing method of the 
product excellent in the room temperature intensity and the high temperature strength made 
from a Miagnesium alloy. 
[0002] 

[Description of the Prior Art] In recent years, the request of the enhancement of an automobile 
in mpg became strong, and the development of the lightweight material for automobiles has 
become asked strongly from the rise of the consciousness of earth-environment maintenance. In 
the metallic material put in practical use now, a Magnesium alloy is a low density most and is 
strongly expected as a future lightweight material for automobiles. The Magnesium alloy present 
most generally used is a Mg-aluminum-Zn-Mn system alloy (for example, AZ91 alloy =Mg- 
9aluminum-1 Zn-0.2Mn), circumference techniques, such as foundry technique of this alloy, are in 
a completion phase, and this alloy is first examined in the formation of automobile lightweight. 
Moreover, recently, the Mg-Gd-Y system alloy (alloy given in JP,7-1221 15,B) and Mg-Dy-Nd 
system alloy (alloy given in JP,7-1221 12.B) which added the lanthanoids (Ln) are developed and 
released as a Magnesium alloy for heat proofs, and it is beginning to inquire as engine parts for 
automobiles. 
[0003] 

[Problem(s) to be Solved by the Invention] However, under a service-temperature condition 120 
degrees C or more, since an intensity falls, the above-mentioned Mg-aluminum-Zn-Mn system 
alloy does not fit the intended use of the parts with which thermal resistance is demanded also 
in the engine parts for automobiles. The highest is also about 230 MPas and, as for the 250- 
degree C tensile strength of the heat-resistant Magnesium alloy currently used conventionally, 
the thermal resistance beyond it is demanded. Moreover, although the above-mentioned heat- 
resistant Mg-Gd-Y system alloy and the Mg-Dy-Nd system alloy are fabricated with casting, the 
method of fabricating other than casting is requested from molding of the engine parts for 
automobiles with which misgiving of the on-the-strength fall by the casting defect etc. is in the 
parts fabricated with casting, therefore especially a strong reliability is demanded. 
[0004] this invention is made in view of the technical probrem which such conventional 
technique has, and the purpose of this invention is to offer the part made from a Magnesium 
alloy excellent in the room temperature intensity and high temperature strength suitable for 
using as engine parts for automobiles with which a strong reliability is demanded about the both 
sides of an elevated temperature and a room temperature and its manufacturing method, the 
part made from the Magnesium alloy which specifically has the tensile strength of 230 or more 
MPas in 250 degrees C from a room temperature, and its manufacturing method. 
[0005] 
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[Means for Solving the Problem] In order to solve the above-mentioned technical probrem, as a 
result of repeating a study variously about hot forging of various Magnesium alloys, using the 
specific Magnesium alloy containing a gadolinium or a dysprosium, by forging under a specific 
condition, this invention person etc. found out that it was possible to obtain the hot-forging 
article excellent in the room temperature intensity and the high temperature strength made from 
a Magnesium alloy, and reached this invention. 

[0006] this invention 4 - 15 % of the weight of namely, (a) gadoliniums or dysprosiums, And 0.8 - 
5 % of the weight of at least one sort of elements chosen out of the group which consists of (b) 
calcium, an yttrium, and a lanthanoids [(a) component is removed] is contained. Furthermore. 2 
or less % of the weight of at least one sort of elements chosen out of the group which consists 
of a (c) zirconium and manganese by request is contained, the remainder consists of magnesium 
and an unescapable impurity, and the hot-forging article excellent in the room temperature 
intensity and the high temperature strength made from a Magnesium alloy is offered. 
[0007] Moreover, this invention offers the manufacturing method of the hot-forging article made 
from the above-mentioned Magnesium alloy which carries out homogenization heat treatment of 
the charge of forging material which consists of the above-mentioned Magnesium alloy at 430- 
570 degrees C for 2 to 7 hours, makes temperature of this charge of forging material 380-570 
degrees C, and is characterized by being lower than the temperature of this charge of forging 
material, and carrying out hot forging of the die temperature in 250-400 degrees C preferably. 
Furthermore, the manufacturing method of the hot-forging article made from the above- 
mentioned Magnesium alloy characterized by this invention carrying out age-hardening heat 
treatment of the hot-forging article which carried out hot forging and was obtained by the 
above-mentioned technique at 180-290 degrees C for 2 to 400 hours is offered. 
[0008] The Magnesium alloy which constitutes the hot-forging article of this invention is 
indicated by JP,7-122115.B and JP.7-1221 12,B. the ground for limitation of the composition 
domain of those Magnesium alloys is as being indicated by JP.7-1 221 1 5,B and JP,7-1 221 1 2,8, 
and those Magnesium alloys reconcile a cost, a room temperature intensity, and a high 
temperature strength. Problems, such as a crack accompanied by forging, can obtain a hot- 
forging article without being generated by choosing specific hot-forging conditions using the 
material which consists of a Magnesium alloy of such a composition domain. 

[0009] If the big and rough compound has crystallized the Magnesium alloy which constitutes the 
hot-forging article of this invention to the grain boundary, it remains as it is to it and is forged 
into it in the state of casting, a crack will arise in the grain-boundary section. In order to prevent 
such a crack in the case of forging, it is necessary to perform homogenization heat treatment to 
a Magnesium alloy. About the conditions of homogenization heat treatment, although the lower 
limit of heat treatment temperature is decided by the relation with heat treatment time and there 
is no critical value, in order to attain homogenization heat treatment by within a time 
[ practical ]. it is desirable that it is 430 degrees C or more. On the other hand, in order to 
prevent oxidization of a Magnesium alloy, the danger of ignition, or the risk of a precipitation of a 
compound arising again at the time of cooling after heat treatment, and leading to a crack, as for 
the upper limit of heat treatment temperature, it is desirable that it is 570 degrees C or less. A 
heat treatment temperature requirement is 450-550 degrees C more preferably. When heat 
treatment temperature is made into 430-570 degrees C. the heat treatment time taken to attain 
the desired homogenization heat treatment effect is about 2-7 hours. 
[001 0] If the temperature of the Magnesium alloy material [ itself ] for forging at the time of 
carrying out hot forging (for example, billet) is low, it will be easy to produce a crack. In order to 
prevent occurrence of a crack, it is desirable to make temperature of the Magnesium alloy 
material [ itself ] for forging into 380 degrees C or more, and to forge it. On the other hand, since 
there are oxidization of a Magnesium alloy and danger of ignition when the temperature of the 
Magnesium alloy material [ itself ] for forging is too high, in order to prevent such danger, it is 
desirable that it is 570 degrees O or less. 

[0011] When the temperature of the metal mold at the time of carrying out hot forging is too low. 
the temperature of a Magnesium alloy material is made to fall abruptly at the time of forging. 
Therefore, it is desirable to carry out hot forging of the temperature of metal mold above 250 
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degrees C, although it is lower than the temperature of the Magnesium alloy material [ itself ] for 
forging. However, since it becomes waste of heat energy and time and a mold life is shortened, it 
is not desirable to make temperature of metal mold higher than 400 degrees C, Moreover, as a 
forging speed, 0.2-1 .3m/about s are desirable. 

[001 2] As for the hot-forging article made from a Magnesium alloy obtained by the manufacturing 
method of this invention, an age-hardening is attained by the aging treatment, as the aging- 
treatment condition, it is desirable that it is about 2 - 400 hours at 1 80-290 degrees C, and it 
raises the hardness of a forging 30 to 40% by the aging treatment of this level as compared with 
an unsettled forging — things can be carried out A mechanical strength also improves by 
enhancement in this hardness. 

[0013] It is suitable for a mechanical strength being 230 or more MPas in the domain of 250 

degrees C from a room temperature, therefore using the hot-forging article made from the 

Magnesium alloy of this invention as autoparts, especially a piston for engines. 

[0014] 

[Example] 

The raw material was inserted in and it was made to melt in the vacuum melting furnace of the 
examples 1-12 and the example 1 of a comparison. - 6 argon ambient atmosphere so that it may 
become the alloy of the composition (weight %) shown in Table 1 , respectively. As a crucible, 
SUS304 material was used and flux etc. was not used. The billet for an examination with a 
diameter [ of 36mm ] x height of 48mm was produced by casting from each molten metal. Thus, 
homogenization heat treatment was carried out under the condition which shows each obtained 
billet for an examination in Table 2, and it forged into the product of the configuration shown in 
drawing 1 by the billet temperature shown in Table 2, and the die temperature. The forging speed 
in this case presupposed that 0.7m/s is fixed. Thus, the front face of the obtained forging was 
observed and the existence of a micro crack or a crack was checked. This serves as the 
decision criterion of the propriety of forging conditions. 
[0015] 

Table 1 The modality of alloy ** Gold Group ** A Mg-1 0Gd-3calcium B Mg-10Gd-1Y C Mg- 
10Gd-4Y D Mg-10Gd-3Nd E Mg-4Gd-l Mm(misch metal)-0.6Zr F Mg-5Gd-1 Nd-0.6Zr G M^ 
10Gd-3Nd-0.6Zr H Mg-1 5Gd-5Nd-0.6Zr IMg-10Gd-3Y-0.6Zr J Mg-10Gd-3Y-0.5Mn K Mg-IODy- 
3Y L Mg-5Dy-1 Nd-0.6Zr M Mg-10Dy-3Nd-0.6Zr N Mg^lODy-3calcium-0.6Zr [0016] 
Table 2 Example number Alloy kind Heat treatment temperature Heat treatment time Billet 
temperature Die temperature Forgeability example 1 A 500 degrees 0 4h 470 degrees C 300 
degrees 0 N example 2 B 500 degrees 0 4h 500 degrees C 270 degrees C N example 3 0 500 
degrees C 4h 500 degrees C 350 degrees 0 N example 4 D 500 degrees 0 4h 470 degrees 0 400 
degrees 0 N example 5E 450 degrees 0 4h 450 degrees 0 380 degrees C N example 6 F 500 
degrees C 4h 450 degrees C 350 degrees 0 N example 7 G 500 degrees 0 4h 500 degrees 0 270 
degrees 0 N example 8 H 550 degrees C 3h 550 degrees 0 300 degrees 0 N example 9 I 500 
degrees 0 4h 450 degrees C 400 degrees 0 N example 10 J 500 degrees O 6h 450 degrees C 
300 degrees C N example 1 1 K 500 degrees C 4h 500 degrees 0 350 degrees 0 N example 1 2 L 
500 degrees C 4h 500 degrees C 300 degrees C N example 1 3 M 450 degrees 0 6h 550 degrees 
0 270 degrees 0 N example 1 4 N 450 degrees 0 6h 350 degrees 0 300 degrees C Example 1 of 
N comparison I 500 degrees 0 4h 350 degrees C 220 degrees 0 Example 2 of C comparison M 
400 degrees C 4h 450 degrees 0 430 degrees 0 Example 3 of M comparison I 600 degree-Q 

(ignition) Example 4 of Comparison G 550 Degrees 0 2h 500 degrees O 350 degrees 0 

Example 5 of 0 comparison E 350 degrees C 8h 450 degrees 0 300 degrees 0 Example 6 of M 
comparison H 550 degrees G 1 h 500 degrees O 380 degrees C M N of the card column of a 
forgeability is crack nothing, and M is micro crack ****. 0 means crack 

[001 7] Each billet for an examination of the modalities G, I, and M of alloy which carried out like a 
publication and was obtained for the examples 13-15, seven to example of comparison 8 
examples 1-12, and the examples 1-6 of a comparison was homogenized in heat treatment 
temperature of 500 degrees C, and heat treatment time 4 hours, and it forged into the product of 
the configuration shown in drawing 1 by the billet temperature of 470 degrees 0. and 300 
degrees 0 of die temperatures. The forging speed in this case presupposed that I.Om/s is fixed. 
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Thus, the aging treatment was carried out under the condition which shows the obtained forging 
in Table 3. The hardness of the forging in front of an aging treatment and after an aging 
treatment was measured by n= 5 for micro Vickers, the test load of 300g, load holding^time 30 
seconds. The result was as being shown in Table 3. 
[0018] 

Table 3 Example number Alloy kind Aging-treatment temperature Aging-treatment time Hardness 
before aging After [ aging of] hardness example 13 G 250 degrees C 5h 90 130 examples 14 I 
280 degrees C 12h 95 135 examples 15 M 200 degrees C 50h 90 Example 7 of 1 30 comparisons 
G 250 degrees 0 500h 90 Example 8 of 90 comparisons I 150 degrees C lOh 90 90 (in the case 
of the example 7 of a comparison, it is the result of being based on an overaging) . 
[0019] The test piece for tensile strength measurement was created by logging from the product 
of alloy kind G with which the forging and the aging treatment obtained by the technique of a 
publication in the example 16 example 13 were given. As contrast material with moreover, casting 
indicated for the examples 1-12 and the examples 1-6 of a comparison The aforementioned alloy 
kind G, WE54 alloy (4.0 % of the weight of Nds, and 5.0 % of the weight of Y) 0.6 % of the weight of 
Zr and the remainder are an AZ91 C alloy (9.0 % of the weight of aluminum), and it is Mg except 
for an unescapable impurity. 0.7 % of the weight of Zn. 0.2 % of the weight of Mn, and the 
remainder created the test piece for tensile strength measurement by logging from each product 
which gave and obtained the aging treatment without creating and forging the billet for an 
examination which consists of being Mg except for an unescapable impurity. When asked for the 
relation between temperature and tensile strength about four sorts of these test pieces, it was 
as being shown in drawing 2 . About tensile strength, the forging by this invention is superior to 
three sorts of other test pieces in 250 degrees C from the room temperature, has the tensile 
strength of about 300 MPas also in 250 degrees O, and is excellent in thermal resistance so that 
clearly from drawing 2 . 

[0020] The forging of modality G of the alloy which carried out like a publication and was 
obtained for example 17 examples 1-12 and the examples 1-6 of a comparison was homogenized 
in heat treatment temperature of 530 degrees C, and heat treatment time 4 hours, and ten 
pistons of the configuration shown in drawing 3 by the forging temperature of 500 degrees C and 
300 degrees 0 of die temperatures were forged. (A) of drawing 3 is a bottom plan view, and (B) is 
an A-A line cross section. It was the piston which neither a crack nor a micro crack is accepted 
also in the piston of what **. and has sufficient heat-resistant intensity in 250 degrees 0 from a 
room temperature. 
[0021] 

[Effect of the Invention] The hot-forging article excellent in the room temperature intensity and 
high temperature strength suitable for using according to the manufacturing method of this 
invention as engine parts for automobiles with which a strong reliability is demanded about the 
both sides of an elevated temperature and a room temperature made from a Magnesium alloy is 
offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the forging forged in the examples 1-12 and the examples 
1-6 of a comparison. 

[Drawing 2] It is the graph which shows the relation between temperature and tensile strength 
about four sorts of test pieces obtained in the example 1 6. 

[Drawing 3] It is the bottom plan view (A) and A-A line cross section (B) showing the 
configuration of the piston fabricated in the example 1 7. 
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DRAWINGS 




[Drawing 1 ] 



[Drawing 2] 
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